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X-ray fluorescence 
X-ray fluorescence (XRF) measurements were performed on a Philips PW2400 Wavelength-
Dispersive XRF machine. The estimated absolute error per Na2xCa3-xAl2O6 unit is ≤±0.09 mol Ca, 
≤±0.01 mol Na and ≤±0.02 mol Al. 
 
X-ray diffraction 





Figure A1. X-ray diffractograms of (A) cub-C3A_1, (B) cub-C3A_2, (C) orth-C3A_2, (D) 
gypsum_1, and (E) gypsum_2. C = cubic C3A (PDF# 01-070-0839), O = orth-C3A (PDF# 01-
070-0859), K = katoite (PDF# 00-024-0217), P = portlandite (PDF# 01-072-0156), G = gypsum 




The results from thermogravimetric analysis (TGA) of the precursor solids, performed on a Hitachi 
STA7300 operated at a heating rate of 20°C/minute up to 1000°C under an N2 (g) atmosphere, are 





Figure A2. TGA of (A) cub-C3A_1, (B) cub-C3A_2, (C) orth-C3A_2, (D) gypsum_1, and (E) 
gypsum_2. The labels † and ‡ indicate that the Al(OH)3 is amorphous by conventional XRD and 
mass loss from water in poorly crystalline calcium aluminate hydrates, respectively. Minute is 
abbreviated as min. 
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Particle size distribution 
Particle size distributions for the solid precursors used here are shown in Figure A3. 
 
 
Figure A3. Particle size distributions of (A) cub-C3A_1, (B) cub-C3A_2, (C) orth-C3A_2, (D) 










Figure B1. TGA results of (A) orth-C3A_2 and (B) cub-C3A_1 hydrated in water for 4 minutes, 
and (C) orth-C3A_2 and gypsum_2 hydrated in water for 8 minutes. The labels †, ‡ and * indicate 
that the Al(OH)3 is amorphous by conventional XRD, mass loss from water in poorly crystalline 
calcium aluminate hydrates, and C4AC̅H11, respectively. Mass loss from a small amount of 





Appendix C  
   
Thermodynamic properties of the aqueous complexes and solid phases used in GEM-Selektor v.3  
software to calculate SIeff and Ks0 values are shown in Tables C1-C3.   
  
Table C1: Standard partial molal thermodynamic properties of the aqueous complexes used in  
the thermodynamic modelling calculations. The reference state is unit activity in a hypothetical  













AlSO4+ -6.0 -1422.7 -1250.4 -172.4 -204.0 [1] 
AlSO42- 31.1 -2338.4 -2006.3 -135.5 -268.4 [1] 
Al3+ -45.2 -530.6 -483.7 -325.1 -128.7 [2] 
AlO+ (+ H2O = Al(OH)2+) 0.3 -713.6 -660.4 -113.0 -125.1 [2] 
AlO2- (+ 2H2O = Al(OH)4-) 9.5 -925.6 -827.5 -30.2 -49.0 [2] 
AlOOHo (+ 2H2O = Al(OH)3o) 13.0 -947.1 -864.3 20.9 -209.2 [2] 
AlOH2+ -2.7 -767.3 -692.6 -184.9 56.0 [2] 
CaSO40 4.7 -1448.4 -1310.4 20.9 -104.6 [1,3] 
Ca2+ -18.4 -543.1 -552.8 -56.5 -30.9 [2] 
CaOH+ 5.8 -751.6 -717.0 28.0 6.0 [2] 
NaSO4- 18.6 -1146.7 -1010.3 101.8 -30.1 [1] 
Na+ -1.2 -240.3 -261.9 58.4 38.1 [2] 
NaOH0 3.5 -470.1 -418.1 44.8 -13.4 [2] 
H20 25.3 -4.0 17.7 57.7 166.9 [4] 
N20 33.4 -10.4 18.2 95.8 234.2 [4] 
O20 30.5 -12.2 16.4 109.0 234.1 [4] 
S2O32- 27.6 -649.9 -520.0 66.9 -238.5 [2] 
HSO3- 33.0 -627.7 -529.1 139.7 -5.4 [2] 
SO32- -4.1 -636.9 -487.9 -29.3 -281.0 [2] 
HSO4- 34.8 -889.2 -755.8 125.5 22.7 [2] 
SO42- 12.9 -909.7 -744.5 18.8 -266.1 [2] 
H2S0 35.0 -39.0 -27.9 125.5 179.2 [4] 
HS- 20.2 -16.2 12.0 68.2 -93.9 [2] 
S2- 0 -16.2 120.4 -295.6 -93.9 [1] 
OH- -4.7 -230.0 -157.3 -10.7 -136.3 [2] 
H+ 0 0 0 0 0 [2] 




Table C2: Standard partial molar thermodynamic properties of the solid phases used in the 













Cub-C3A 89.2 -3560.6 -3382.3 205.4 209.4 [6-8] 
Gypsum 74.7 -2023.4 -1797.8 193.8 186.2 [1,9] 
Hemihydrate 61.7 -1575.3 -1436.3 134.3 124.1 [10] 
C4AH19 370.1 -10018 -8749.9 1120 1382 [11] 
C2AH7.5 179.7 -5277.5 -4695.5 450 535.9 [11] 
Katoite 149.7 -5537.3 -5008.2 421.7 445.6 [11] 
C4AS̅H12 309.0 -8750 -7778.5 821.0 942.4 [7,12] 
Ettringite 707.0 -17535 -15206 1900 2174.4 [7,12] 
Portlandite 33.1 -984.7 -897.0 83.4 87.5 [1,9] 
½AH3 (microcrystalline) 32.0 -1265.3 -1148.4 140.0 93.1 [11] 
 
 
Table C3: Reactions and Ks0 values of the solid phases used in the thermodynamic modelling 
calculations. 
Phase Reaction log10(Ks0) Reference 
Cub-C3A Ca3Al2O6 + 2H2O   3Ca
2+ + 2AlO2- + 4OH- 15.01* [6-8] 
Gypsum CaSO4·2H2O   Ca
2+ + SO42- + 2H2O -4.581 [1,9] 
Hemihydrate CaSO4·0.5H2O   Ca
2+ + SO42- + 0.5H2O -3.59 [10] 
C4AH19 
Ca4Al2(OH)14·12H2O   4Ca
2+ + 2AlO2- + 
6OH- + 16H2O 
-25.45 [11] 
C2AH7.5 
Ca2Al2(OH)10·2.5H2O   2Ca
2+ + 2AlO2- + 
2OH- + 2H2O 
-13.80 [11] 
Katoite 
Ca3Al2(OH)12   3Ca




Ca4Al2(SO4)(OH)12·6H2O   4Ca
2+ + 2AlO2- 
+ SO42- + 4OH- + 10H2O 
-29.26 [7,12] 
Ettringite 
Ca6Al2(SO4)3(OH)12·26H2O   6Ca
2+ + 
2AlO2- + 3SO42- + 4OH- + 30H2O  
-44.9 [7,12] 
Portlandite Ca(OH)2   Ca
2+ + 2OH- -5.20 [1,9] 
½AH3 (microcrystalline) Al(OH)3 + OH-   AlO2
- + 2H2O -0.67 [11] 
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